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(54) Ru orescent compounds 

(57) Novel compounds obtainatte by reading 
together art imido-rcagent such as diphenylphospnon- 
irriJdotriphenylprioophorane), or a phosphine oxide such 
as p-tolyWiphenytphosphinB oxide, with a chelate of a 
transition or lamhanide or actinide metal, such as 
tris(diben2oylmBtriide) europium IH, hava the properly 
of fluorescing in UV radiation. The invention includes 
solid polymer bodies containing such compounds, or 
chelates of transition or lanthanide or actinide metals 
generally, the bodies having the property of emitting 
light or infra-red radiation when subjected to a ffcjx of 
uttra-violet or ionising radiation by virtue of internally 
generated, eg. by tritium ionising radiation. The body is 
preferably of polystyrene formed by polymerising the 
monomer in the presence of the compound or metal 
chelate. 
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Description 



This invention concerns polymer bodes which are light-emitting by virtue of containing a transition or lanthanide or 
actinide metal chelate or other complex. For the most part, the energy for light emission is provided by internal radioac 
tivity, e.g. by using a trftiated polymer. In the course of the work leading to this invention, novel compounds based on 
certain metal chelates have been identified as having outstanding fluorescent properties. These compounds, and pol- 
ymer bodies contain r>g them, also form part of this invention. All these compounds and chelates are fluorescent, in the 
sense that they emit light or other relatively long wavelength electromagnetic radiation, on being subjected to UV or 
Other relatively short wavelength electromagnetic radiation, including ionising radiation from radioactive decay. It rs sur- 
prising that the compounds and chelates show high efficiency of light output and good stability in the presence of ion- 
ising radiation. 

EP-0556005 A1 describes a solid body comprising a polymer together with a chelate of a transition or lanthanide 
or actinide metaJ. the body having the property of emitting light when subjected to a (lux of electromagnetic radiation. 
Preferably the polymer is radioactive I y labeled with tritium so that the radioactive decay provides thB ionising radiation. 

EP-0556005 A1 also describes compounds that result from reacting together an imido-reactant of the formula 
O^QRR-N-Z, where Q is P, As or Sb: Ft is aromatic or heterocyclic; and Z ts QR 3 or an organophosphoranyl group, with 
a chelate of a transition or lanthanide or actinide metal, which compounds have the property of fluorescing in UV radi- 
ation. A preferred compound is trfe (2.2,6,6 -tetramethyl-3.5-heptanedionato) terbium Ml dLphenylprxisplxxiirnido-trtphe- 
nyl phosphorane (ALP-1). 

For the present invention, the inventors have built on the work described in EP-0556005-A1. The present specifi- 
cation describes: 

New compounds ALP -3 and ALP-7 which have advantages over ALP 1 , 

New formulations containing sfloxanes and free- radical scavengers used with these new compounds and with 
known transition or lanthanide or actinide metal chelates to give fluorescent bodies having superior properties- 

The present invention is defined by the claims set out below. 

The metal chelate may be the same as or similar io the known classes of metal chelate referred to above However, 
rt needs to have a number of special properties not always possessed by the known fluorescers" 

K needs to be capable of fluorescing under the impact of UV or other electromagnetic radiator,, not only in pure 
form but also in dispersion or solution in an organic monomer or polymer. 

It is preferably soluble in the monomer or monomer mix used to form the polymer body. A solubility of at least 10% 
by weight is generally preferred. The metal chelate should preferably remain soluble as the monomer poiymerises. 
The presence of the metal chelate should preferably not inhibit polymerisation of the monomer to a transparent 
wholly or substantially colourless polymer. 

In principle, any metal ion having an unfiled inner electron shed, that is to say almost any transition or lanthanide 
or actinide metal ion, can be used as the basic of the fluorescent chelate. In practice, a metal ion having a convenient 
emission Irequency, and a convenient resonant frequency, and an efficient transition between the two, is most usually 
chosen. The most usual are the lanthanide metal ions Sm 3+, Eu 3+. Tb 3+, Dy 3+, Yd 3+, Lu 3+, Gd 3+. Eu 2+. and 
the actinide metal ions U 3+ and U0 2 3+. Transition metal ions are useful tar fluorescing in the visfole and also in the 
infra-red range. 

ThB chelating or completing groups are chosen to have a triplet energy level similar to but slightly higher than the 
resonant energy level of the chosen metal ion. Known chelates, including those described in the above mentioned ref- 
erences are likely to be suitable, including those based on diketone and triketone chelating moieties. A preferred chelat- 
ing group has the formula 



R 



R' 'C 




O 



o 



R 



where R" ma/ be the same or different at different parts of the molecule and each FT and R is an aromatic or 
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heterocyclic ring structure which may be substituted or hydrocarbon or fluorocarbon or FT is hydrogen. The identity of 
FT can be used to modify the triplet energy and may affect light emission. FT can also be made co-porymerisabJe with 
a monomer, e.g. styrene. 

In the compound described In Example a) below. R' is t-butyl and FT te hydrogen. Metal chelates may have up to 
5 four, typically three, of such groups surrounding the metal ion. 
Examples of metal chelates useful h this invention are:- 

a) Terbium (3+) (dtpivaloylmethWe)^ otherwise known bs terb/um trtsCa^e.e-tetrarnethyt-a.S-heptanedlonato) 
chelate, corrrnerciafly available from Stem Chemicals. 
w b) The da- and tri-pyrazofyl borate and the di- and tri-pyrazotyi -N-oxid e borate addocts of a). 

c) Europium (3+) (2-naphthyI t/rfluoroacetyl acetonate)^ 

d) Uranyl (2*naphthyl trrfluoroacetyi acetonate) 4 . This material emits strongly fn the ye low part of the spectrum 
when cooled to about -50* C. 

e) The dipyridyt and dipyridyf-N<xide adducts of c) and d). 

is 

It ts preferred to use a compound that results from reacting together a phcsphine oxide or an imido-reactant of for- 
mula 




where Q may the same or different at different parts ol the mofecule and ts P, As or Sb. 
30 and R may be the same or different at different parts of the molecule and each R is an aromatic or heterocyclic 

ring structure which may be substituted or unsubctrtLrted, provided that one group R may attentat ivety be a co -polymer - 
i sable group, 

and Z is either QR3 or an oTigophosphoranyl group (an org ar.op hosphora nyl group with two or more P atoms), 
with a chelate of a transition or lanthanide or actinide metal ion to produce a product which has the property of 
35 fluorescing in UV radiation. 

These compounds are expected to have the formula 

(X n - M - O - QR 2 - N)p Z or X n - M(-0-GR 2 -N=Z), 

40 where M is the transition or lanthanide or actinide metal ion, such as those described above, 

X is a chelating group, 
n is 1 to 4, 
p is 1 to 4, and 
s is 1 to 4 preferably 1 or 2. 

45 In the above structures, Q may be Sb or As or P. the latter being preferred. At least four of the five groups R should 
be of aromatic or heterocyclic character, the following being examples: phenyl; p-totyl; 2,4-dimethyiphenyi; p-tertiary 
butyl phenyl; 1-naphthyl; 2-naphthyl; 4-pyridyt; 4-quinolyl. 
Z may be an c^igophosphoranyl group, e.g. of the formula: 

so Ar, - P • [(Alk-P-Ar)^ - Alk - P - Ar^ 

where Ar is aryl preferably phenyl. 
AJk is alkene preferably -C2H 4 -. 
1, m and q are small integers such that I + q is 3. 
55 these cxrnpounds being of the kind commercially available as:- 

Diphos - Ph 2 PC2H 4 PPh2. 

Triphos - Ph 2 PC 2 H 4 P(Ph)C 2 H 4 PPh 2 . 

Tetraphos I - Ph2PC 2 H 4 P(Ph)CgH 4 PPhC 2 H4PPh a . 
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Tetraphos II • P^^PP^. 

(See J ACS 93:17 August 25 1971:4158-4166). For example, a conrpound according to the invention based on Dipnos 
would have the formula: 

X n -M-0-P(Ph) 2 -NI=P(Ph}2-C2H4-P(Ph) 2 «N-P(Ph)2<3-M-X n 

where Ph is phenyl. 

Alternatively, one of the groups R may be a oo-potymerisab(e group, that rs to say a group capable of joining in a 
polymerisation reaction with a monomer with which the compound is mixed Examples are carboxyftc and sutphon'c 
acid groups, and ethyierwcaEy unsaturated hydrocarbon groups such as allyl and p-styryl. A preferred imido reagent has 
the formula 

Ph Ph 

I I 
0 = P- N- P-Ph 

I I 
Ph Ph 



where Ph is phenyl. 

Other compounds envisaged are those which result from reacting together a phosphine oxide of formula 

R 
I 

R ' - P - O 



where R is aromatic or heterocydc and FT is R or 



R 
i 

o=p- 

I 

R 



with a chelate of a transition or lanthanide or actinide meta! ion. The three groups R of the phosphine oxide may be the 
same or different Preferably they are different, as this has been found to increase the solubility of the compound in 
organic moaorner/polymer systems. Thus in a preferred compound, two of the groups R are phenyl and the third is p- 
tolyl- This can be compared for example to the phosphine oxide in which all three groups R are phenyl When com- 
pounds are made by reacting these phosphine oxides with chelates of transition or lanthanide or actinide metal ions, 
the compound derived from p-tolyl c5phenyi phosphine oxide is more lipophilic and has an even higher sotubttity in a 
styrene/polystyrene system than does the compound derived from triphenyt phosphine oxide. 

A particularly preferred compound is that which results from reacting p-tolyf dJphenyf phosphine oxide with trrvalent 
terbium trts(dipiva[oyl methide). This compound is expected to have the formula 
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This compound is hereinafter called ALP -3, and has the following characteristics > 

a) It is almost as efficient as ALP-1 per molecule of phosphor. 

b) ft is of comparable solubility in a polymer matrix; 

c) rt is more radiation stable than ALP-1 in the formulations shown in the examples below. 

Another preferred compound is that which results from reacting a compound that results from reacting dipherr/- 
phosphonimido-trtphenyl phospborane with tris [4,4Atriftix>ro-H2-naprtth^ (3-0. Th'rs 

compound is expected to have the formula 







A 


L ^ Fk 






H — K — ^ 




— i c-C 


, 




^ 







Alternatively the phosphine oxide may be a dimer 



R R 

I I 

O = P - P = O 

I I 

R R 



which can be reacted with chelates of two transition or lanthanide or actin'de metals M 1 and M 2 to give compounds of 
the structure 
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R R 

I I 

[Chelate] 3 M X - O - P - P - O - M 2 [Chelate] 3 

I I 

R R 



For example the chelating group may be a highly planar structure such as naphthyi trifluoroacetyi, and the two 
metal ions may be the same e.g. Eu^ or different e.g. Eu 3+ and Gd 3 * (for energy transmission by ion to ion transfer). 

15 Preparation of the compounds of this invention is straigrrtforward. Rare earth chelates having the property of fluo- 
rescing in UV radiation are weTI known. A. R B. Sinha (Spectroscopy in Inorganic Chemistry edited by C N. Ft. Rao and 
John FL Ferraro, Vol. 2, Academic Press 1971 - History of Congress Catalogue No. 77-117102) descrbes several 
classes of rare earth chelates with various mon orientate and bkJentate tgands. Some are commercially available. Gen- 
eral methods of preparation are described by Red and Kelvin (Journal of the American Chemical Society, 72 (1950), 

?o 2948-2952) . Imido reagents axe Known materials (see the KalGstratos reference above) whose preparation is descrfced 
by R. A. Baldwin and R M. Washburn (Journal of the American Chemical Society, 83, pa^s 4466-4467. 1961) and M. 
J. P. Harger and S. Westtake (Tetrahedron, 38. No. 10, pages 1511-1515. 1982) Phosphine oxides are also known 
materials To prepare compounds according to the present invention, the chosen metal chelate and the chosen phos- 
phlne oxide or ImkJo-reactarrt may be heated together in molar quantities defined by the formulae above at a melting 

M temperature of 200* C tor one hour. More preferably, appropriate molar quantities of the two reactants are heated 
together in a refluxing organic solvent. The inventors have found trimethytperrtane when s is 1 and toluene when s is 2 
to be convenient If the starting metal chelate is insoluble, progress of the reaction can be monitored by noting that the 
refluxing solution clears. On cooling, the desired product crystallises out in easily recoverable form. 

This aspect of the invention is not restricted to compounds prepared by this route, and other preparative methods 

k are possible For example, one molar part of a complex of the metal ton with the phesphine oxide or imido-reactartt may 
be heated with generaly 2-4 molar parts off the chelating moiety so as to form the desired compound 

The compounds. individually, have the property of fluorescing, in the visible or infra-red region depending on the 
metal ion chosen, when subjected to UV or other energetic radiation. This property may be exploited in various ways 
For example, the compound may be applied as a coating on a glass vessel or on glass beads, and these may be main- 

w tained in the presence of a radioactive gas such as tritium or xenon- 133 or krypton -85. 

The compounds, rn combination, may act in a less well known manner. In certain circumstances the energy col- 
lected by the metal ion of one structure wHI not be emitted by that ion but wil be transferred most efficiently, by so-caDed 
radiationless transfer, to a second different metal ion (chelated). Tnis phenomenon, known as ton to ion transfer' can 
be made very efficient by careful selection of the two metal ion structures. For example, trivalent gadolinium structures 

40 do not usually emit light even in isolation but, in combination with known fluorescent lanfianide chelates, they prove to 
be very efficient energy collectors. Such metal ion chelate pairs can be of greater efficiency than any one chelate on its 
own. 

The compounds of this invention are particularly useful in polymer compositions. Thus in another aspect the inven- 
tion provides a body comprising a polymer together with at least one compound as described above, the body being 
45 capable of emitting light or infra-red radiation when subjected to a flux of ultra violet or ionising eiectromagnetk: radia- 
tion. The body is preferably solid, but may alternatively be liquid, in which case it is contained in a transparent or trans- 
lucent glass or plastic vesset. Preferably, the flux of electromagnetic radiation is generated internally by radioactivity in 
the body. 

Thus, either the poiymer or the metal chelate (which term is hereafter used to include novel compounds of this 
50 invention) or a sitoxane component may be radio-labelled, preferably with tritium In these compositions, the metal 
chelates act as scintillants, either alone or in conjunction with conventional organic scintillants. 

Polymers labelled with tritium are well known, and are most conveniently prepared by labelling a mcnome; or co- 
monomer with tritium prior to polymerisation. The polymer should preferably be clear for maximum efficiency at the 
wavelength of the emitted tight, and should preferably be resistant to damage by self -irradiation (E.A. Evans, Tritium and 
55 Its Compounds, 2nd Eotton, Butterwortrts. London 1974 pages 720 721), On these grounds, polymers of vinyl -aro- 
matic hydrocarbons, such as styrene and vinyttoluene, are preferred. A G, (scission) value of 0.04 is quoted for irradi- 
ation of polymethylstyrene and a G* (cross -linking) value of 0.02 which is much less than lor other known polymers, see 
Polymer Photophysics and Photochemistry by J. Gii'tet Pub, Cambridge University Press, 1985 page 353 et seq. Some 
or all of the protium hydrogen in the polymer and/or in the metal chelate maybe replaced by deuterium. Additional sta- 



EP 0 744 451 A1 



biltty is however conferred on the composition by the presence of the metal chelates, by virtue of the* r conversion of beta 
radiation energy into ight, reducing the proportion of energy avaBabfe for seff- irradiation of the polymer. 

The extent ol tritium tabefiing is a compromise between several factors. By incorporating 2 atoms of tritium per 
monomer molecule, it is possible to achieve activities of 600 Ci/g. Such rnonomers maybe diluted with non-radioactive 
monomer, or the monomer prepared using tritium -hydrogen mixtures in the tritiattorvhydroge nation step, to achieve the 
overall specific radioactivity required. Activities below about 100 mCi/g are rather unlikely to be usefuf as illuminating 
devices but do have a use as light sources for calibration. As the tritium labelled polymer is a relatively expensive mate- 
rial, it will genera fly be preferred to use the minimum required to achieve the desired Bght output Afl polymers labelled 
with radioisotopes including polystyrene suffer from radiation damage, and at high levels of activity this may lead to 
darkening with toss of light output, and eventually to err^brirtlement and degradation. Labelling to an activity of from 25 
nanocuries/gram Id 100 Ci/g, particularly 50 nanocuries/gram to S curies/gram, of composition may be appropriate in 
many cases, with activities towards the tower end of that range where a service life of more than five years is required. 

Trrtiated vinyl aromatic monomers may be made by the catalytic partial reduction by tritium of substituted acety- 
lenes. For the purpose of this invention, reduction is carried out with tritium-hydrogen or tritium-deuterium mixtures up 
to 100 per cent isotopfc abundance of tritium as required, preferably in Ihe presence of a platinum or palladium catalyst 
or other suitable hydrogenat'on catalyst. The catalyst chosen should not contain volatile components such as quinotine 
and should not be adversely affected by monomer stabilisers. After the reduction it is preferable to remove by filtration 
or by distillation any catalyst from the trrtiated monomer, ft is also preferable to dilute the trilialed monomer with non- 
radioactive monomer(s) which have been purified either by distillation or by passage through a column of neutral alu- 
mina. Vinyl aromatic monomers which are tritium labelled on the aromatic ring are also known and may be used. 

It is preferred lo include a siloxane in the bodies of this invention. Siloxanes can have two beneficial effects. First, 
they may increase the initial light output Second, they may stow down the inevitable drop in light output that occurs 
when the solid body is radioactivery labelled with tritium, thus increasing the Bght output obtainable over a prolonged 
period of time. Preferred siloxanes may show both these effects. Preferred siloxanes comprise the grouping 

X 



where X is aromatic or heterocyclic or C1-C4 alky] or alkenyl and n is an integer of at least 1 . Examples ol useful* 
sitoxanes are letrapheriyltetramethyrtrisiloxane (sold as Dow 704) and pentaphenyltrlmethyltrisitoxane (sold as Dow 
705). The siloxane may preferably be present in a proportion of 5- 100%, particularly 10 • 40%, by weight on the weight 
of the solid body. 

The body may preferably contain a free radical scavenger which reduces polymer degradation. A preferred free 
radical scavenger is tetraSn. A preferred concentration is 1 - 5% by weight. 

When a component of the body of this invention is radioactivery labelled with tritium, this component may bs a 
poJymensabfe siloxane. Thus, divinyltetraphenykftsiloxane maybe partly reduced with tritium gas to yield a tritium- 
labelled siloxane moiety. 

A polysiloxane may be used in partial or even total replacement of a pcry-{vinyi aromatic compound) When some 
groups X are alkenyl, cross linking of the polysiloxane to give a solid product is possible. 

The concentration of the metal chelate should be enough to efficiently convert the beta-radiation into visible light, 
but not so great as to inhibit polymerisation of Ihe monomer mix or to substantially harm the properties of the polymer. 
While optimum concentrations may vary depending on the nature of the polymer, the extent of tritium labelling, and the 
nature of the scintiUant, suitable concentrations are likely to lie in the range 1 m9 to 500 mg, preferably 50 - 400 mg of 
total scintillant per ml of polymer. The concentration of scintiJIants are optimised for the light output required but too high 
a concentration will result in self-absorption of the light and thus reduce the efficiency - see Design Principles of Fluore- 
sence FLadiatkxi Converters by G. Kel in Nuclear Instruments and Methods 87. 11 1-123 (1970). 

A cross-linking agent may be included in the monomer mix and may be beneficial in increasing light output, and in 
stabilising the composition against radiolytic decomposition, as discussed below. For example, with a vinyl aromatic 
system, up to 50 qA of divirtylbenzene may be useful. 

These light-emitting polymer compositions may be made by providing a reaction mix comprising at least one pclym- 
erisabie organic monomer, preferabfy a vinyl -aromatic hydrocarbon, labelled with tritium, and at least one metal chelate 
scintillarrt, and sheeting the reaction mix to polymerisation conditions. The sctrrtillant is preferably present in solution 
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in the monomer. Transition metal chelates are often sparingly soluble in vinylaromsdic monomers, a preferred feature of 
adducts such as the aromatic imido-rnoiety is to render the compounds of this invention highly soluble. Preferably, 
polymerisation of the monomer or monomers is effected by heat in the presence or absence of free-radical polymerisa- 
tion initiators and in the substantia] absence of oxygen. When the poryrnerisation reaction is exothermic, careful tem- 
perature control of the reaction mix may be needed to avoid thermal decomposition of the organic scintillators. The 
reaction mix may be shaped prior to poryrnerisation to generate plastic sheets of desired thickness, rods, filaments, 
microbeads. capillary tubing, or other desired shapes. After poryrnerisation, the solid products can afeo be cut and 
shaped as desired. These shapes may be "sifvBrecr or combined with or contained within other reflective materials in 
known manner to increase directional light output. Thus the body may be in the shape of cylinder with the curved sur- 
face made infernally reflecting, or of a chord of a cylinder with the curved surface and the ends made internally reflect- 
ing. 

Upon polymerisation of the rrxwomer mix, the light emitted by the coniposition increases, to an extent that is 
dependent on various factors: use of purer reagents: increasing molecular weight of the polymer (and tor this reason a 
cross-linking agent may be beneficial); coaling the product; stretching the product or otherwise inducing molecular 
ordering; al these steps may increase fcghi output from a given composition. 

Tho light emitting compositions of this invention are useful wherever a continuous or intermittent independent tight 
source is required and power lines or batteries cannot conveniently be provided, or in inactive form as a detector of radi- 
ation, or where extremes of temperature preclude use of chemical batteries. Some examples are: 

Production of electricity by combination with photocells. 

In fiquid scintillation compositions as well as polymers, e.g. for liquid sctntiflation beta measurements. 

In radiation, e g. X-ray. visualisation screens where the efficiency of the new phosphors may be used to reduce 

exposure and/or improve definition. 

Light sources tar signs, gun-sights, markers on instruments. 

Large light sources on airfields and other situations where remote lighting may be required (see also G. FoicSak in 
Industrial Application of Radioisotopes, Pub. Elsevier 19&6. p.386 et seq. and A Novel Light -Collection System for 
Segmented Scintillation -Counter Calorimeters, V Eckardt, R Kalbach. A. Manz, K R Pretzl, N. Schmitz and D. 
Vranic. Nuclear Instru ments and Methods. 155. 369-398 (1976). 

Reference is directed to the accompanying drawings in which: 

Figures 1 to 4 are graphs of light output against time for various formulations. 

Figures 5 and 6 are graphs of initial light output and rate of diminution of light output against the concentration of a 
formulation component. 

Figure 7 is a graph of decomposition rale against radioactive concentration. 

As demonstrated in Examples 2 and 3 below, preferred light emitting polymer formulations according to the present 
invention show the following stability:- 

a) At 1 Curie per gram or 1 Curie per cc a light output degradation rate beiow 1% per month, e.g. matching the 
decay rate of tritium itself i.e. 0.467% per month or 5.46% per annum. 

b) Al 2 Curies per gram or 2 Curies per cc, a light output degradation rate of betow 2% per month, e.g. about 1% 
per month. 

The following examples illustrate the invention. Example 1 is r&produced from EP-0556005-A2. Examples 2 and 4 
describe the preparation of ALP -3 and ALP -7 respectively. Examples 3 and 5 describe the preparation and properties 
of formulations containing these compounds. 
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EXAMPLE 1 

7Hst2.2.6.6-tetramelhvl3. S-heotancdkMialoMerblum m-dloh«rwl-phosDhonlm)dotrlphenv1 nhosohorana (ALP- 
11 



(CH 3 h c 



\ 



c-o, 



\ 



(cttfs c 



V A 



c-o 





-*3 





Tris(2.2,6,6-tetramethyt-3^-heptan€dkxiato)1erb)Lrni III+ (2) was purchased from Strem Chemicals Inc. 

Dipher^-prwsplx)nifnick>-lrlpherry1 phosphorane (3) was prepared by a method given in the references quoted 
above. Diph Bnyi-phosphtrkic acid chloride (68 g) and sodium azde (30 g) were stirred in dried acetonitrile (380 ml) for 
64 hours. Dtphenylphosphifiic azide precipitated out of solution, was filtered off and washed with acetonitrile and dried 
to yield 72.3 g. 

24 1 g (100 mM of the dtphenyiphosphinc aside was dissolved in dry diethyl ether (50 ml) to yiekJ 70 ml solution. 
Triphenylpbosphine (26 g 100 mM) was dissolved in diethyl ether (dried 160 ml) and the two reagents mixed and 
reflux ed in a 500 mi flask fitted with a reflux condenser. 

The precipitated materia) was ffltered off, washed with a) ether, b) dilute arrrrcnia solution (10 mJ of 2N ammonia 
diluted to 1 00 ml), and c) water (5 x 100 ml), and dried at room temperature under vacuum 1o yield 36.31 g (7S% of the- 
ory) of (3). 

1 mM of (2) was mixed with 1 mM of (3) in a total of 5 ml trtmethyl pentane, and the mixture heated to reflux until a 
dear solution was obtained (about 1 hour). The solution was slowed to cool yielding (ALP-1) as a crystalline solid in 
nearly quantitative yield. 



EXAMPLE 2 



A. PREPARATION OF PHOSPHOR fALP-31 

1 Preparation of (4^nethylphenyl)cUprienyl phosphlne oxkie 

(4-n^thylphenvt)cfiphenyt phosphine [1031-93-2] (AkJrich 15503-9) was purified by (Kugetrohr) distillation at 
200°C/1 0* 1 torr to a white solid. 92% recovery. 

Distilled (4-™ethyfpheny()dtphenyl phosphine (23 g) wad dissolved in tetrahydrofuran (150 ml) (Rathburn HPLC 
grade), cooled to 1 5 a C in water bath, hydrogen peroxide 30% w/v aqueous sofuti on 20 ml (BDH) was slowly added over 
30 minutes and then stirred for a further 16 hours et 20-25*C. Solution was then rotary evaporated to remove solvents 
and residue reoGssofvod in toluene 150 ml (Rathburn, glass distilled). This solution was washed with saturated sodium 
bicarbonate solution (100 ml), the solution dried over sodium sulphate, ffltered and rotary evaporated to dryness The 
residue was purified by Kugetrohr distillation at 25Q°C/0.1 torr. The distillate was transferred into a separate I task with 
tetrahydrofuran. rotary evaporated to dryness and the solid residue washed with pentane (3 x 30 ml) and the solid dried 
by rotary evaporation and pumping under vacuum 10" 1 torr at room temperature. Yield: 21.0 grams. 
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2 Preparation oi (4-mettiylphcnyl)dIphenyl phospnlne ox We derivative of trivalerrt terbium tris(dlplva!oyl 
methlteXTb s *(DPM) 3 ) 

(4^ath^pheny0diphenylphosph]ne oxide • mo I. wt 292.317 (30.0 grams, 0.103 moles) and trivalerrt terbium 
(tris(dipivHloyf methirie) [15492-51-0], Tb a+ {DPM) 3 (Terbium 2 r 2,6,6-telrame!hyl-3,5-heptaredioriale) (73 grams, 0 103 
moles Fluorochem Tb-000800) were refluxed in trimethytpentane (200 mt, Rathburn HPLC grade) lor 25 minutes to give 
a cloudy solution. The reaction mixture was allowed to cool to room temperature and stood for 3 hours. The product was 
filtered off, washed with perttane (30 ml, Rathburn HPLC grade) and dried at room temperature under vacuum 10* 2 torr 
tor Vh hours. 

The product was dissolved in cfiethyf ether (Rathburn) 600 ml, filtered through a 1 .5 micron glass fibre mat filter and 
rotary evaporated to dryness. The product was recrystatrood from tri methyl perrtane three times and finally pumped to 
dryness under vacuum at 10" 1 torr for 24 hours. 

Yield 57 grams plus 35 grams recovered from mother liquors. 

Quality test:- A 30% w/V solution in styrene should be totally transparent, haze-free and water white in appearance 
and should polymerise to a transparent fluorescent water white polymer. 

EXAMPLE 3 

Preparation of Tritium Carrier 

Materials 

Triphenytvinytslane (ABCR Chemicals T3960) (now known to be d vinyl tetraphenyl disitoxane) 
10% PaBadium on charcoal (JM 33161) 
Benzene (Aldrich 15.630-1). 

Method 

Tr ip h enyl v rrrytsi ' 8^1 e (475 mg) and 10% palladium on -charcoal (20 mg) were placed in a dry tritistion vessel (55 ml) 
with benzene (10 ml). 

Trie reaction mixture was tritialed over 20 hrs with 100 Ci of tritium gas (98% rsotopic purity) using a multi-pert tri- 
tiation apparatus. 

The reaction mixture was filtered, the catalyst washed with toluene (2 x 1 0 ml) and solvent removed under vacu urn. 

Labile tritialed products were then removed by dissolving the product in ethanol (10 ml) and evaporating under vac- 
uum. This process was repeated twice. The total activity of trrtiated product was then determined by Irquid scintillation 
counting of a solution in toluene (30 ml), (yieW « 100 Ci). The toluene was then removed under vacuum, residuaf tolu- 
ene was removed by addition and evaporation of perrtane (20 ml) under vacuum. 

The product (white solid) was placed in a desiccator (10" 1 mbar) for 1 hour and stored at ambient conditions under 
an argon atmosphere. 

Formulation of Inactive Monomer Solution 

Materials 
ALP-1 

Styrene (Fluka 85959) 

Alumina (ICN Biomecicals, Neutral, Super) 

Dicumyl peroxide (Potyso'ences. Inc. 01444) 

Dow 704 (Eu) (Dow Corning) 

Tetralin (Aldrich 10,241-5) 

Divinytoenzene (Pofysciences 1892) (Note that this material is only 50%divinyfbenzene The other 50% is ethyl sty- 
rene). 

Methods 

Styrene (200 ml) was passed through a column of alumina (150 g) and degassed by freeze/thawing (x3) with liquid 
nitrogen under vacuum (10 1 mbar). The material was stored at ambient conditions under an argon atmosphere. 
Drvinyfbenzene (10 ml) was prepared as per styrene. 
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Tetralin (50 g) was passed through a column of alumina (10 g) and degassed by freezeAhawing (x3) with liquid 
nitrogen under vacuum (10 1 mbar). The material was stored at ambient conditions under an argon atmosphere. 

Dow 704- (Eu) (50 ml) was degassed by freeze/thawing (x3) with liquid nitrogen under vacuum (10" 1 mbar). The 
material was stored at 60 # C, 10' 1 mbar tor 18 hoars prior to finaJ forrnulation with ALP-1 . 

Inactive LEP monomer solution (100 rri). ALP-1 (24.0 g) solid was degassed by placing under vacuum (10 ' 1 mbar) 
then purging with argon in a graduated vessel. Te train (1.0 ml), cTrvinyfbertzcne (2.0 mf) and styrere was added to make 
the final volume 80 mL ResiduaJ gases were then removed by freeze/thawing (x3) with liquid nitrogen under vacuum 
(10" 1 mbar). Dow 704 (Eu) (20 mf) and dicumyl peroxide (250 mg) were added to gfve the final inactive monomer for- 
mulation which was stored at ambient conditions under an argon atmosphere. 

Formulation and Polymerisation of Active Solution 

Materials 

[ 3 HJ-Ethyltriphenylsilane (as described above), 
inactive LEP monomer solution (as described above). 

Method 

The inactive monomer solution (100 mf) was added to [ 3 Hl-ethyitriphenylBifane tritium carrier (100 Ci) under argon. 
The radioactive concentration was then determined by liquid scintillation counting. 100 x 1.0 ml aliquots were dispensed 
and flame sealed into 2 ml Wheaton cryovacules under argon and polymerised at 80"C tor 46 hrs. Alter 48 hours the 
samples were al lowed to cool to ambient temperature over 6 hours. 

Forrnutetic* 



ALP-1 


24% 


Dow 704 (Eu) 


20% 


Dicumyl peroxide 


2.5 mg/ml 


Tetralin 


1.0% 


Styrene monomer 




Divinyibenzene 2% (effectively 1% DVB) 


P^Ethyrtriphenytsilane 


1.0 Ci/ml 





The mixture was polymerised as above. 

Other related formulations were made by generally similar methods, and tested to obtain the results shown in Fig- 
ures 13 to 1 9, in which:- 



ALP-1 is the phosphor of Example 1. 

ALP-3 is the phosphor of Example 2. 

PS is polystyrene. 

PvT is pojyvinyttoiuene. 

[ 3 K|DPEB is [ 3 H]diphenytethylbenzene. 

704 or Dow 704 is tetraphenyftetramethyrtrisiioxane 

PEN is perrtaphenyttrirnethyttrisitoxane. 

TET is tetralin 



In each graph, the proportions by weight of scintillant. siioxane. free radical scavenger are stated. The concentra- 
tion of a tritium-labelled component is expressed in Curies per ml The balance of the formulation was organic polymer, 
polystyrene or polyviny (toluene. 
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Figure 1 shows that ALP -3 is an effective sctntaartt, and that &ght output and stabiSty are improved by incorporating 
Dow 704 siloxane. 

Figure 2 shows that ALP-3 is an effective scintillant in a different formulation; and that PEN and tetraJin are together 
effective in improving light output and stablrty. 

Figure 3 shows the effect of tetrafin alone in improving tight output and stability. 

Figure 4 shows tormufotions with a higher radioactive concerrtration having excel tent light output and stability prop- 
erties. 

Rgure 5 is a graph of initial fight output against concentration of Dow 704 sifoxane. which was added to a 30% ALP* 
1 solution in styrene. 

Figure 6 is a comparable graph of rate of toss of Eght output against Dow 704 sfloxane concentratton in the same 
ALP-1 formulation. Both graphs show an optimum concerrtration of Dow 704 to be around 20 ■ 30%. 

Figure 7 is a graph of decomposition rate against radioactive concentration for various formulations containing 30% 
ALP-3 in vinyttoluene or 30% ALP-1 in styrene together with either 50% or 20% by weight of Dow 704 silcxane. In these 
formulations the tritium-labelled component was cfivinyltetraphenyldisiloxane partly reduced with tritium. 

EXAMPLE 4 

A. PREPARATION OF PHOSPHOR fALP-71 

1 Preparation ol tris(4A4^fluc^^(2-raphtnyO-1>blItanec5onato)eu^opium (3+) 

4>,4-Trifluoro^^2-riaprrthyt)-1.3-^anedione (NTFA), 99% FW. 266.62 rap. 74-76* [893-33-4] {AlrJrich34,363-3) r 
300 millimoles. 79.87 grams was dissolved in hot methanol 600 mUiritres (Rathburn) and a solution of sodum hydroxide 
300 milfimoles 12 g (BDH) cSssoJved in a mixture of distilled water, 25 ml, and methanol, 75 ml {Rathburn). was added 
to the stirred hot (40°C) NT FA solution to form a clear pale yellow solution of the sodio derivative of NTFA. 

Europium (III) chloride hexahydrate. F.W. 366.41. 99.9% [13759-92-7] 100 mifmoles, 36.64 grams (AkJrich 
21 .288.1) was dissolved in warm (40 »C) methanol. 200 mi Ui litres (Rathburn). This solution was stirred end brought to 
reflux. To the stirred reftuxing solution was added the solution of the sodio derivative of NTFA at a rate of 4 millili- 
tresmiinute. After completion of the addition of the sodio derivative, the solution was stirred and refluxed for a further 30 
minutes, then allowed to cool and the methanol removed by evaporation at room temperature overnight leaving a solid 
mixture of EuroptumfllOCNTFAJgdihydrate (F.W. 983.62) and sodium chloride byproduct. The solid was then washed 
with water (4 x 50 ml) to remove sodium chloride and the resulting crude product dried under vacuum at 40°C. 

Yield 130 g. 

This crude reaction product was purified by extracting with benzene. 500 ml (Aid rich 15630-2) using a soxlet extrac- 
tor for 6 hours. The benzene extract was transferred to a Eire beaker and allowed to crystal se overnight. The crystal fine 
product was dried at room temperature under vacuum. Yield 54.8 g (55.5% of theoretical yield). 

Analysis - identity by X-ray analysis. 

2 Preparation of trls[4A4-trtf luorc^1-(2-rtaphthy0-1,3-butane<^ 
rlphenyl phosphors ne (F.W. 1424) (ALP-7) 

Prepare Dean and Starke cSstillation headed flask and into it place: 

10 millimoles europium III (NTFA) 3 2H 2 0 (as above), 9.83 grams 

10 mHlimcles cfiphenyl^hosohoniiridotriphenyl phosphorane - prepared as described in Example 1. 4,77 grams 
Benzene (Aldrich 15630-2) 50 ml. 

Reflux these components together using the Dean and Slarke head to remove water from the system as the com- 
ponents dissolve and form the anhydrous ALP-7 - approximately 300 microlitrBS water collected. Reflux a further 30 
minutes, then allow the reaction solution to cool. Evaporate off the solvent at room temperature to yield a dry solid. 
Remove the last traces of solvent under a hard vacuum at 4°C. 

Note: The reaction has to be carried out using benzene not toluene as cfisproportionation occurs when toluene is 
used - resulting in a red tar being produced 

The material is used as produced as it has not been possible to crysralise the material - an oil is produced from all 
solvents 
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3. Preparation of the bis-phospborane of europium (III) (NTFA) 3 

Prepared as above but using 20 millimoles diphenyl phosphonimido triphenyt phosphorane instead of 10 mi Hi 
mofes. 

B. PREPARATION OF TRITIUM CARRIER 

See Example 3. 

C. FORMULATION OF INACTIVE MONOMER SOLUTIONS 

As per Example 3 for preparation of inactive components except that the phosphors used were; 

(a) Eurcpijm([l!}(NTFA) 3 - after removal of water by azeotroplng in benzene. 

(b) EiircpiLrn(lll)(NTFA)3phosphorane (ALP-7) as prepared above. 

(c) Europium(l!r){NTFA)3bis*phosprK)rana 

Formulations were prepared generally as per Example 3 but varying the Dow 704 and styrene proportions as fol- 
lows: 

Dow 704/Styrene 50/50, 75/25 and 100/0 

The initial light output results (in EvJ from LEP made as descrbed above are tabulated below: 





PHOSPHOR USED AT 7.5% CONCENTRA- 
TION 


Dow 704/Styrene 
Ratio 


Eu(NTFA) 3 


Eu(NTFA)3 
phos (ALP-7) 


Eu(NTFA) 3 
Ws-phos. 


50/50 


0.10 


3 01 


2.25 


75/25 


O.05 


2.01 


1.72 


100 A3 


0.24 


4.64 


3.32 



CONCLUSIONS Lioht Output 

1. The mono-phosphorane derivative. (ALP-7), generates much more light than the un-phosphoraned material or 
the bis-phosphoraned material. 

2. The 100% sBoxane (Dow 704) versions of LEP give much more light than the 50/50 or the 75/25 versions with 
all three phosphors. 

3. The stabfirty of the ALP-7 formulation was good; that of the other two formulations appeared very poor. 

This experiment demonstrates that total replacement of styrene by siloxane in LEP formulations can yield signifi- 
cantly increased light output and probably this will also yield more stable formulations. 

EXAMPLE $ 

1 . Preparation of Polymer 

ALP-1 was prepared as per Example 1 . Other components of this polymer, excluding any tritium carrier, were pre- 
pared as per Example 3. 

Formulation and polymerisation of the inactive monomer solution was generally as per Example 3 excludrig any 
tritium carrier but including, for this experiment. 1% by weight of fumed silica 1o minimize light piping. 
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2. Experiment to determine whether the polymer can be used as a solid sclntlllant 

A. Experiment 

i] Ten sdntSlstiori vials were taken. 

iQ To each (1-10) was added 5 ml ethanol 

iii) To vials 1 . 3, 5, 7 + 9 was added a microtomed slice of polymer 1 5 microns thick of area approximatefy 3 square 
cent metres. 

iv) AD ten vials were put into a scintillation counter (RackBeta set to detect tritium beta scintillations including those 
at wavelengths produced by ALP-1) and counted to determine any "background". 

v) Twelve iTicrocuriestritialed sitoxane, prepared as per Example 3. contained in one microfitre ethanol was added 
to all ten vials and each vial was counted three times. 

B. Results 

The averag c of three counts minus background for th« vials containing just ethanol and the 1 Z mtcrocuries was 1 20 
CPM. The average cf three counts minus background for the vials containing slices of polymer was 1392 CPM, i.e. the 
presence of polymer raised the CPM by over 1 0 times ( 1 1 .6). 

C. inclusion 

The polymer can be used as a solid scintinant 
Claims 

1. A fluorescent body composed of a polymer together with a chelate of a transition or lanthanide or actinide metal 
ion. said chelate present in the form of a complex with a reagent selected from the group consisting of pnesphtne 
oxides of for mute 

R 

I 

R 1 - P = 0 



and imido-reactants of formula 

R 



O - Q - N = Z 



R 



where R s aromatic or heterocyclic, 
R 1 is Ft or 
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Q is Phosphorus or Arsenic, arc 
2 * QR3 or oDoophosphorarM 

which bodv iR *r a ^~rr_. V 



metal ion, wbk* body is frar3^ ? porymer vrrth a chetate nf PfrD * 

3 r ~ r«^r.-sa~----.^-..^.!II 



R 



1 



R 
f 

- P O 

i 

R 



and imtto-reactants of fcrmula 



R 



0 - Q - N 



*£VL* *°"*«c or heterocyclic. 



R 
I 

= P- 
f 

R 



* is QR 3 or ofigophosphoranyl. 
A body as da/med En cfaim i or efa/m * * . 

-- — — *.o* V0 ^.„._ muoiB 

* ***** a s claimed in daim 1 ^ cfaim . 
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that resufts from reacting dlphenytptosphoni rrido^rlphenyl phosphorane with trfs [4,4,4 -trtfluoro- 1 -(2-naph myt)- 
1 ,3-butanedionato] europium (3+). 

6. A body as claimed in any one of claims 1 to 5, wherein there is present a sitoxane whkh improves the stability and 
light output 

7. A body as daimed in claim 6, wherein the siloxane comprises 

X 
I 

I 

X 

where X is aromatic or heterocyclic or C1-C4 aTkyt or alkenyt and n is an integer of at least 1 . 

8. A body as claimed in any one of claims 1 to 7, wherein there is present a free-radical scavenger which reduces pol- 
ymer degradation. 

9. A body as claimed in claim 8. wherein the free radical scavenger is tetralin. 

10. A body as claimed in any one of claims 1 to 9, wherein a siloxane radioactvely labelled with tritium is present. 

11. A body as claimed in any one of claims 1 to 10. wherein the polymer is selected from the group consisting of 
poly(vinylaromatics) and polysiloxanes and mixtures of these 

12. A compound that results from reacting p-tolyWrphenylphosphine oxide with trrvaient Terbium tris(dtpivak3yl 
methide). 

13. A compound as claimed in claim 12, having the formula 




14. A compound that results from reacting diphenyl-phosphonirTikJo-tjphenyl phosphorane with trts [4.4,4-lriftuoro-1- 
(2-naphthyl)-1 ,3-outanedionato)europium (3+). 
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15, A compound as claimed in claim 14 having tha structure 
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Fig. I 
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Fig. s 

ALP-t/PS/[3H]DPE3 
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